Summary. A retrospective total population study ofacute Werdnig-Hoffmann disease (spinal muscular atrophy type 1) has been undertaken in three counties of North-East England (Northumberland, Newcastle upon Tyne, and Durham). The gene frequency for the disease is q= 0 00625 with a carrier frequency for this part of the English population of 1 in 80. The data suggest that there may be differences in gene frequency within the region sampled, a finding in keeping with other investigations of variations in gene frequency in this region. The suggestion that this disease is the second most common fatal autosomal recessive disease of childhood in Britain is confirmed. An hypothesis of heterozygote advantage due to relative resistance to epidemic poliomyelitis is presented to account for the high gene frequency observed.
It has previously been established that the carrier frequency for acute Werdnig-Hoffmann disease is in the probable range of 1 in 60 to 1 in 90 in the English population (Pearn, Carter, and Wilson, 1973) , a finding consistent with the clinical impression that this disease is the second or third most common fatal recessive disease of childhood in Britain (Roberts, Chavez, and Court, 1970; Carter, 1972) .
Earlier attempts to measure gene and carrier frequencies directly have not been possible for two reasons. First, the degree of selection occurring before referral to big centres is considerable; more importantly, the extent of such selection has been quite unknown. This difficulty is common to all studies of diseases which are fatal in infancy. Secondly, large centres offering the sophisticated diagnostic (electromyography, histochemistry, etc), supportive (consultant paediatricians, neurologists, and geneticists), and administrative (regional medical records and reliable retrieval systems) facilities necessary for the definition of index cases, tend to draw on primary populations whose size, composition and extent are not precisely known. The pri- Danks, Allan, and Anderson, 1964/65, Historically, the population of the area has been relatively stable. More importantly, the population has been extensively studied and many demographic (Moser and Scott, 1961; General Register Office, 1963; House and Knight, 1965; House, 1967) , genetic (Roberts, 1953; Papiha and Roberts, 1972; Dobson, 1973; Roberts, 1973) , and medico-social (Miller et al, 1960; Russell et al, 1963; Neligan and Prudham, 1969; Bulmer, 1970; Donaldson, 1972) (Byers and Banker, 1961; , (b) muscle biopsy or necropsy histology revealed denervation House and Knight, 1965; House, 1967) . Specific details about total birth-rate were obtained from the 10 Medical Officers of Health in the three counties. . No consanguinity was found among any of the parents in any of the 20 families, a finding in keeping with the prior knowledge that the gene involved is a relatively common one. However, in three of the index families in this study, elements of both maternal and paternal ancestry came from the same village region. There were, however, no common surnames among the four grandparents of each of the nine index cases. Details of birth frequencies for the three administrative counties are shown in Table III .
The incidence of the disease is 1 per 25,708 live births, yielding a carrier frequency of 1 in 80 and a gene frequency of 1 in 160 (q = 0-00625). For the population studied this must be a minimum estimate. The high ratio (4:5) of two-sib-affected families to isolated cases is also suggestive that isolated cases of acute Werdnig-Hoffmann disease are being missed, even under these relatively optimal conditions of diagnosis and case finding. Such shortcomings occur unavoidably in all fatal infantile diseases (Danks et al, 1964/65 suggests that late fetal loss at least is not increased in this disease. In addition, appraisal of the frequency distribution curve for age-at-death in a large clinical series suggests that death before two months of age is the exception (see also Table II) .
From Table III (Roberts, 1953; Kopec, 1970) and PTC tasting (Sunderland, 1970) but not adenosine deaminase (Papiha and Roberts, 1972) Dobson (1973) and Rawling (1973) who used marriage records and surname analysis to provide evidence that Northumberland parishes in recent historical times contained different and partially isolated genetic populations. Whether such geographical differences in the gene frequency of acute Werdnig-Hoffmann disease is also a real phenomenon must await results of a prospective survey. In view of the above evidence, however, and in the light of other genetic differences such as skin colour within the region (Hulse, 1973) , it would be surprising if such differences did not exist.
Secondly, the apparent elevation may be due to differential consanguinity rates in County Durham. There is little evidence for this but estimates of inbreeding coefficients certainly vary among nineteenth century Northumberland parishes (Rawling, 1973) . The third possibility is that the methods of ascertainment available are such that cases occurring in the County of Northumberland are being missed. Naturally by the nature of the present study it is impossible to tell whether this is so, but the author thinks that this is the least likely of the three possibilities. This high estimate of the gene frequency of this disease differs from the findings of Zellweger, Hanhart, and Schneider (1972) who have felt that the gene frequency is not higher than that of other autosomal recessive conditions, at least in Switzerland.
If the estimate of gene frequency is correct for this population (q = 0 006), this is rather high for a lethal disease with zero fitness (see the comparative tables of the recessive gene frequencies given by Roberts et al [1970] and Emery [1971b] ). Ifit is assumed that there is no heterozygote advantage, but the population is randomly mating, and that homozygote fitness is zero, then the calculated mutation rate is 3-906 x 10-5. This is within the range of variation observed for autosomal recessives, though rather high (Morton, Crow, and Muller, 1956 (Eagle, 1959) and it may well be that subtle intracellular differences in anterior horn cell biochemistry protect against polio invasion. Such an hypothesis is purely speculative, of course, but it is in keeping with the themes of heterozygote advantage developed for sickle cell anaemia (Allison, 1954) and cystic fibrosis (Crawfurd, 1972) , and suggests further investigation.
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